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HATIORAL ADVISORY COMMAITTEE FOR AFRONAUTICS

RESWARCE M. MORANDUM

AN TIIVESTIGAT O OF CONVERGENT-DIVERCENT DIFFUSERS
AT MACH NUMBER 1.85

By Detlarquis D. Wyatt and Eenry R. Hunczak

SUMIARY

» An investigalion has been conducted in the Clevelend 15— by
iB-inch swpersonic tunnoi at g Meeh nvmbor of 1,85 ana angles of
attaek from 0% %o 5% 4o determiie optimun design cenfigurations for
3 cenvergeni-divergenl type of supersonic diffuser with a gvbscnic
diffuser of 3° included divergence angle. Total-tressurc rocoreries
in exeess of thevretieal recovery 2cross & normal shock at a free-
streen Mach nusber of 2.85 were obtained with several configurationg,

The highogt reesvery for configurations without a cylind.ical
thr-at secticn wms cbtained wish an Inlet having an included crrnver-
gence angle uf 20°, Insertion of a Z-inch throat seciion botwoen
2 162 ineiuded anzle inlet and the subsonic diffuzer stabilizel the
shock inside ‘he difTfuser and resulted i1 rocoveries as hish ac
0.858 fres-stresm total pressure st an angle of attack of GO,
corregronding to recovery of 92.4 bercen: < tho iinetis energy of
the froe air strent. Use of the theroet sectisn alaoo lessened the
reducticn in recovury of all eor ipuraticns due to angle of attack.

INTROIACTION

Diffusion of *he froe nir stroaz in a uonner that wesults in
paxizmn Lutal-noesarrs rsecvery is easential to efficiont operation
of ra-job engrinez. Jhe particular necosaity for determining ihe
optimum diffuser dvaigng Por Supergonic ram-jet engines is accenmtu~
ated Dy the losacs in total Pressure ngsoclated with no-mal shock
waves. Tho effoct of iic shock can bu minindzed ¢nly through
reduction of tho iHach number et which the shock occurs, Diffusers
that accomplish this deaired reduction in Mach rumber have bean
proposoed by Oswatitsch (reforonce 1) end Kantrowitz and Donaldson
(rsference 2). Relorence 2 rrogents the theory of the convergonte-
divergent diffuscr tosebher with preliminary expsrimontal rosalts
of such a diffuscr ot an ang’c ef attack of 00,
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2 CONFIDENTIAL NACA RM No. E6K21

As pmrt of a gemeral study of supersonis diffussrs, a detailed
nregram has been undertaken at the NACA Cleveland laboratory to
establish optimum deeign configurations for the coavergent-divergent
type of supersmonic diffuser. Data havo been obtalned in the 18- by
18-inch eupereonic tunnel at a Mach number of 1.85 to show the effecte
of inlet angle and straight throat length after contraction en the
pressure recovsary nt anglea of attack up to 5°. The resulta include
the effect of variations of the outlet flow arem of the diffusers.
Data are also presented for a diffuser having a cylindrical inlet
with no> contraction and for a simple diverging diffuser to serve as
a comparative basis for evaluating tte convergent-divergsnt type of
diffuser,

AFPARATUS AND TEST PROCEDURE

The diffuser combinaticns were teated in the Cleveland 18- by
18-inch supersonlic tunnel, vhich was calibratsd by measuring the
angle of an oblique shock gensrated by a cone. This method is accu-
rate to about 2 rercent in determining the free-stream Mach number
at the diffueer inlet.

The ccmplete test configuration consisted of a cylindrical

= section simulating a ram-Jet combustion chember, a atralght tapered
subsonic diffuser with an included divergence angle of 5%, and
straight tapered inlete and cylindrical throat secticns fitted on
the subsonic diffuser in tho deaired combinations. The achmmatic
arrangement and principal dimensions of the model are given in fig-
ure 1. No fairing was used at any of ths Junctures between the
component partas.

The investigation included tests of 10 convergent, 1 cylindri-
cal, and 1 divsrgent inlet (fig. 1) alone and in cumbination with
various-length throats. The principel dimensions of the inlets and
a summary of the inlet-throat combinations investipgated ars given
in table I.

The inlet-throat cozbinaticns ueing convergent inlets are
identified in table I and will be referred to in the reat of the
report accerding te the followlng practice: The first numeral
indicates the included convergence angle of the inlet T, the
sscond numeral givea ths gecmetrical contraction ratio of the inlet
(noso area/minimum area), and the third numeral shows the length of
straight throat section L. (See fig. 1.) For example, configwa-
tion 5-1.190-0 denotss an inlet with T = 5° and a contraction
ratio of 1.190 used without a throat eection.
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“

The locations of pitot tubes, static-pressurs orifices, and

ritot-statio tubce used in determining the preasure cunlitions et

. the enbrance to tho shawlated combustien chamber are showr in flig-
ure &, Additional static erifices wore located in tho iulets, ihs
thronts, and the subsonic diffuser for detsmmining the langiludlnal
gstatio-prossurc distributicon. The presswre tudcs oonneoted to thoec
orificec wero caxried along the ouiside surfaca of the Aiffuser withe
out extcrnal fairing.

Total pressuren 1u tie frec stroan at the diffupsor inlets were
caleunlated fram total pressures msasured in the tummel settling
chamber, The ratio of free-stroma total ;ressure to sotiling=
chauaber total. presurre had baen ostadblished for each inldot pogltion
fima previous tunnol celidbration and those ratics were aosumsd to
be conasient throuchowt the terts,

- All proasvrsg were photopruphically recorded on o mnltiplo-
tubo morcury rmanmmotor. Alr-flov coniitions aboubt ihw diffuser
inlot were obcorvid with a two-miriscr ochlisren systeis and were

. accasionally shologsarhod fei record purpHeus.

Coufiguration 10«1,17¢-2 was invostigatod ni angles of atiack
of 09, 19, 5%, and 5°; the other confisurations were 4usted cnly at
0° and 5%, At ench angle of attack the back prussure on the
d4ffuser outlet was changed by verying tho outlet arse of the
slmulated combustion chambor by means of a conienl plug ot the reaxr
o the medel, (Sco fi7, 1.)

RISULTS AND DISCUSSIOR

Yhon the outlet ranscage of thoe cimulated cambusticn chanber
was closed, an unctoody ozeillatisn of the sheck bov wave shoad of
the diffuser irlot wes visually obscrved through tho achlierc:
ayeten for all conficviutions, The typical movoment of the chock
wave as the cutlot pmsaage waa uponed 18 showm in figurc 3 Ly the
schiloren phologrephs of the 5-1,190-D configvration at 5C anglo of,
attack, Al miall ratios of cembusticn-charber-outlot arca ©»
diffuser-inlet arca {Ar/A;) the air flow through ihs molel was
suffioiert te stoad:r the nurunl askock ohead of the rlet as chown
in fignre 3(a). "ms chock direcily choad of the dirfuscr inlct
aproars Lo bo noymal o the alr stroam rather tien perallel to the
diffeser-entranco plane in this phetegraph. This rclative position
wun observed at all anzles of attack. Vhen A,;/f.l was farthor
ineresssd tho nomnl shock moved towarl the inlut {Tig. 3(b)) amd

CONFIDINTIAL




4 CONFIDENTIAL FACA RM No. ESK21

finally was entirely contained within the diffuser (fig. 3(c)).
Operation at this flnal shock ponition le considorod desirablo with
this type of diffuser in oxder to avold high external nose preseures
and to increase the mass rate of air flow through the diffuser.

Typical etatio-pressure distributions along the internal walls
of the inlet, the tircat section, and the subsonic diffuser of the
20-1.190-2 configuration are shown in figure 4 as the ratio of wall
static preesure to free-stream total pressure, p/Pg. Progressive
motion of tho normal shock wnve intv the inlet and the subsonic
diffuser as the outlet arca was increased ie apparent from the
position of the sharp upward break in the pressure owrve at the
different conditions. At 5° angle of attack (fig. 4(b)) the pres-
eure differential between the upper and lower surfaces of the
diffuser (solid and dashed lines) cnused by wave reflections and
impact wes rapidly damped.

Static-pressure distributions (2/Pp) &t tho entrance to the
combustion chamber for a typical configuration are presented in fig-
ure 5. The pressurv-tube locetions in figure 2 are treanalated to a
lie in a singlo vertical plane in tho plotting of figure 5; two
pressuree are therefore plottod nt each point. As expected, the
static pressure across the combustion chamber was npparently equanlized.

The variations in total pressur: recovery (P4/Pc) shown in figure 6
thorefore indicate changes in the velocity distribution across the
combustion chember. Wall etetic pressure plotted as total pressures
et the 1.8-inch-radius position give & means of roedy estimation of
dynamic preseure, For nil configuretiona tho flow was almost uni-
form through tho ocubustion chamber at all angles of nttack for
veluce of As/A; less then npproximately 2.30. A nonuniforn
velocity distribution uvccurred ut larger values of A5/A . A sym-
metrioel high-velocity region occurred at tlie centor of the combus-
tion chamber at 0° angle of nttack. Tho peak velocity shifted
slightly toward the top at 5° angle of attack. -

Stutio prossurcs measurcd elong the tor internal eurfacos of
the inlet and tho forward portion of the eubsonic diffuser are
rresented in figure 7 for the configuretiona having the 1.120
contraction ratio inlete without throat scctiona. Supersonio flow
wes easteblished into the inlets having includod convorgence angles
from 5° to 20° for valuee of Agf/A; greater then npproximately 0.9,
as shown from tho low static prossures in the inlets., The contraction
ratio 1.190 ueed in those inlets wos selected prior to celibration of
the tunnel on the eupposit.on that the Mach nucber of tho tunnol test
oection would be 1.89, This contraction ratio would result in over- -
oontraction of the air stroam at a Mach number of 1.85 and, acoording to
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one-dimensional theory, the shock would remain outeide the inlet.
(Sse reference 2.) The difforence between the two Mach nuubers,
1.85 and 1.89, is within the precieion of tho tunnol calibration.

Statio preseures in the inlets of the 30-1.190-0 end 40-1.190-0
configurations remained high for all conditions of Ag/Ay, showing
that & normal shock occurred aheed of the throat. Vieual obssrva-
tion of tho inlets through the scilisrcn system disclosed, however,
that the normal shock d4id not remain ahead of the inlota. It is
believod that an inversed bow shock occurred just inside the inlota
in a manner thsoretically prediocted by Forri (reference 3).

The static pressuree in tho !nlets for conditions where the
normal shock had entered are plotted in figure 8 to show the
oomparieon with tho theoretical prossure distributions dotermined
from consideratione of the flow-turning engle alone, (Sco refor-

- ence 4.) In the dotermination of the theorotical curvee it was
asgumod that the deflection of the fluow by the inlet 1lip was analo-
gous to the deflecticn caused by flow into a cornor oqual to half

. the included convergence angle of the inlet. Tho location of thLe
neasurod preeeuree above the rospectivo thoorctical presoures showve
a flow compreasion indicative of transition from two- ta threc-
dimensional flow, approximating the flow ficld enaiytically investi-
gated by Forri.

The total-pressure recoveries (P4/Py) of tiic inlets with
1.190 contraction retio are nresentod in gigure S as a function of
Ag/A. The theoretical recovery as dstsrmined from one-dimonsional
nonviacoue theory based on & choking condition at tho combuetion-
chamter outlet ie included., (Sss the appendix.)

According te theory, the normal shock should Yave remained
outside the diffusor with rssultant total-preasurs rocoveries
corrcaponding to a normal shock at a {reo-etrcam Mach numbler of 1.85
for values of A5/A loos then 0.846. At this arca ratio the
normel shock ehouldlhave entored the inlot end recstablichod iteslf
in the subsonic diffussr at an upstream Mach number of 1.85. A

A
docrease in combustion-chaxber-outlet area to give A—5 = 0,751

should have moved the shock back to tho throat whore it would ocour
at the minimum upetrvam Mach number and give the meximum totsl-
preesure recovery. Conversecly, increasing As,'A ebove 0,046
should have drewn the ehock farthor into the u‘%uaor, reeulting in

¢ higher upstroam Mach numbers and resultant reduced pressure
recovoriea,

5 CONFIDENTIAL
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Prossure recovsries at very low values of ASIA approximated
thsoretical rucovorles for a shock at freo-stream Macl numbor inas-
much a3 the diffusor was essentially operating as & total-hoad tube
undor thcso conditions. As Ag/A; was increased the measured
recoveries foll below tho theoretical recoveries, owing to friction
loases in the diffusor. The point of sharp chango of ourvature of
the pressure-reoovery curvoe occurred at values of A5/A1 between
0.9 and 1.0 for all inlets, indicating that a shook wave first
appsared in the subsonic diffuser at those acce ratiova.

Recovorios with tho shock inside tho subsonic dirfuser showed
good agreenont in slovo with tho thooretical cirves, but the areca
ratios A5/A1 wore larger then the thoorcvtical valuos. Th2 general
shilt is attributed to doscropencies octwuen thu wvesuroed goomutrical
cutlet aroa Ag and the ideal flow area upon whiich tho thecretical
curves are based, Friction c¢ffects contribute to ths variations in
disvlacement among the soveral &ifivsors. -

The peaked rocovery ourves obtainud with inlots of 5°, 10°, 1%°,
and 20° included convorgence angle indicate that tlio noruel shock
vave was movol closor to the throat by a decreaso in AS/Al ar'tor
the shock had entercd tho inlet. ‘iho penoral trend of the data shows
increasslng values of rocovery oas tho inlet angle wns incresecd. Tho
max'mua recovory mcasured was 0.814 o tho froe-stream total presoure
(fig. 9{d)) and wes obtaincd witlh thio 20-1.1¢0-U cun’.gurations.
Recovery curves for the 30-1.120-0 and 40-1,190-0 c¢ondlgnrations
show no pecks becauso of the stiong invorse bov wave aload of the
throat (referevnce 3.) Onoration of the inlets at 5° engle of astack
resulted in loss of moet or all of the puaked recoverics present at
0° angle of attack but otherwise haed no effoct on the olope or mag-
nitude of the rucovery curvea.

Tho serios of inlcts designed with a contraction ratio of 1,176
(slightly under the theorvtical muximm for a Irec-astroam Mach
number of 1.35) gave recovery curves similar to those obtained for
ths inlets with a contraction ratio of 1.150 but maximum recoveries
were slightly lower, as had becn thooretically antloipatod. (Jee
fig. 10.) .

Data obtainud fron testas of tho oylindrical Inlet and of the
inlot that divergel at na included englo of S°, thereby formingz a
continuation of tho subsonic &irfuscr, are prescnted in figures 11
and 12, No poak in pressure rocovery is thouretioslly pogslblo with
oither inlet. Comperizon of tho resulte from teets of the converging
inlets end tests of the cylindrical and divurging inlots show that

CORFITENTIAL
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he Juproved total-procoure recoveries of tho converszing Inleta are
obtainable only with clogu cuntrol of A5/A_1_ « ALl Inletz showod
approxiuatoly the sare characterisiica et 5° angle of attack inune
rich aug peckod recoverics were largely uncbininable with the
convergent inlota,

The maxirnna rocovories of the woveral inleis corwesprmliiyg to
ocnditicna wilh the normal slioclk inside the diffvser aro runerar’zed
in figure 13, Por thoue lLesta without thwrcats ihe naximum recovery
was obttained with the #0=1,130-0 confipuration; tho maxdrmun recuver;:
oxcaedod the thocratical recovery behind n normal shock ot a free-
otrean Mach mwiber of 1,85 by 3 porcoent.

According to a thoiry of shock-wave atabllity nronosed by
Xantrowitz (rofe:ence 5), lusertion of a straight throat vection
bYetween the inlct and the subsonftc diffuaser shondd rosult in
incroaged wroscurc rocovorion by docrsasing the tendency of tho
alwock to Jump zhead of the inlet whon an attamnt io rmade to lecato

+ noa» the minirmm soction,

Thront sectionz 1, 2, and 4 inchoes In longth wera investigoted
to vallidate this thocry, ftatic-pressure dlatribuilons in the
inlote, the tlroats, and & portica of the subsonic diffuder icr
gach of the cradiguraticna testnd are chown in {igure 24, Fetontion
of the normal ehack wave luside the diffuacr as evidenced by inlot
static prsassures of the cider of 0,20 froo-sirean total prossure
veeurred at miviam valvea of AS/A-, of 0,851 for tho canfigurution
without the tlwoat, 0,906 for the l-inch ‘hroat, and 0,860 for tho
2eluch thaoat, theroby indleating operation of the throats an
thoore.ically anticipated, {Sco the appendix.)

Suporconic fluw waz nevsr ostablishiad into tho inlet of tho
contigurnation with the 4-ineh throst cwing t2 the buill-up of
boundary layor. The prusenco of tho brundery layer in cheam by the
decrenning static presmuros in the dirocilon of alr» flow in the
thront cection,

The mrespura recceverles obtalned with the configirations used
to investigato tho ¢ffuct of thrcat longth arev preacntod in fig-
are 15; the maxi:aem roccverles are plotteld In ligure 26 ao 2
Tunction of thront length, Insertion »f the l-lnch throat reculia
in a 4.4-percont increave in raxisum presavre r.covery as comparcd
with the rocevery of the sams inlet with no throat end insertion of
the C-inch throa® resulted in an 6,2-ncrcent lancrease, Use of tho
4-inch throet roction decroazed tho maximum roccovery owing to

CONFINTEHTIAL
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failure of tho no1ua) ohcck wave to entor the inlet, All oonfisura-
Llms gave approxirately the seme resulte ab 5° angle of attack; a
presstro penk was umbtaim.blv.

The rosrlic of soviral inleis tected in coubination with the
2=-inch throat {n detormino tho poselbilitios of combining the peal:
racoverios of tho inlcts and the threat ohowed oonslstently high
roccverien with all combinations, (Beo £is. 17 and 18,) The mexi-
nua recovery (fiz, 16) wae cbtained with mialler inlet converyenco
anzles tien was the caeo in the oonfiguations with no theonto
(fiz. 13); the maximur total=prreasure recovery of 0,83 froo=atree:
total proesure wns sutalned with tho 10-1,176-2 oonfigu.-ation. The
rocovery of tho Z0-1,176-2 conligmation was greater than the
recovery with tho &0-1l.190-0 emnfiguraiion, which was a reversal of
the results fron the ommw inlets withovt tlacat scetlona.

The mpaximum recoverles of the cv;.nfi(;nr.r.t:ona havin: the ?=-inch
threat aeotich relained scumewhat hijher ot incrozcing anglos ~f
attack thon 41d the configuraticns without throats. The maxinaem
recoveries (witlh: tha ahock: ) lowed) of the 1G=1,17C-2 eonfi nration
at coveral angles of attusk from 07 %o 5% mw ol‘.'um in fipwee 12 ag
a function of angle of atiack,

The awzwarized data of Pigures ¥, 15, and 10 are preachicd in
2gures 20 and 2i in termu of ths cnorgy efflclency of the dlffvaer,
Tho e¢nergy efficicney 1 iu dofineod a3 the pu'*'t*.n of availluble
kineile onnxyy in tha free alc stroam that !z rcecversd in tha
d1fualon process., Tho equation for this 'mluo in terms of the total
wregsures in tho f‘:. o rtrem: and at the AlPfusca outlot 13 dovuloped

-

in seforence 2 and, in tho n')ta..ia'. of tlo preasent panor, 1a@

n_l__“g,l,q.‘...

r{{

JHers Py ane Py are tho total preasures in tho fivc strom: and
al the difruscr outlet, rogpoctively, asnd M; Ia the frue-atrean
Haeh nudbest.

I

Tho maximua efs‘cicney for the confizurationg without throat
ascetions was obtained with the 20-1.150=0 confisurati-m; 21.7 perewnt
of tho kinatic encrgy of tlie froo a'r otroam was rocovered, Addition
of tho 2-inch throat rociited in e uaximua efficieney of U2.4 poicont
for the 10-1,176-2 e-nfigaration.
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SUMMARY OF RESULTS

As part of a genoral study of supersonic diffusers, an investi-
gation of suveral inlot and throat combinaticns tosted at a free-
stream Mach mubcr of 1.85 in a convergent-divergent diffuscr
arrangement with a subsonic diffuser of 5° included divergence angle
gave the following results:

1. Total-pressuroe rocovories in excoss of tho theoretical
recovory acrose a normal shock at a free-stream Mach number of 1.85
wero obtained with a number of configurations. Tho maximm total-
preeesurv ruoovery wae obtalned with an inlot having a contraction
ratio of 1.176 and an included convorgence anglo of 10° operated in
combination with a 2-inch stralght throat ascotion between the inlet
and the eubaonic diffuser., The throat was found to atabilizo the
shock inside the diffueer. Tho maximum preseurs recovery at 0°
angle of attack with thle conflguration was 0.838 frec-etream total
pressurv and corroeponded to recovery of 92.4 porcont of the kinetlo
ensrgy of tho freoc alr strean.

2. Conf'lpurations tested without throat sections gave higheet
recovuries with an inlet having an included convorgence ungle of 20°,
Inlets having a contraction ratio of 1.190 gave slightly highar
recoveries than corrosponding inlets of 1.176 contraction ratio.

3. Operations of conflgurations at 5° anglo of attack resulted
in reduction of the maximum total-prsssurc rocoverios cbtained with
thas shock inside tho diffuser to bolow tho theoretical recovery
behind a ehock at fres-stream Mach number. The use of a 2-inch
throat section lossenecd the reduction in recovary due to anglo of
attack,

4, Tho velocity dietribution at the cutlet of tho eubsonic
diffuser was found to bo reasonably uniform for all conflguratilons
at ratios of combustion-chambor-outlet area to diffusvr-inlot arca
roquired to maintain tho normal shock near tho throat of the diffusar,

Alrcraft Fngino Reseurch Leboratory,
National Advigory Comuittes for Avronautica,
Cleveland, Ohlo.
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APPEIDIX « CATCULATION OF TBECRETICAL TOTAL-FRESSURE
RECOVERY AS A FURCTICN OF THR RATIO OF
COMBUSTION-CHAMBER-OUTLET ARFA TO
DIFFUSER-IIT.FT AREA
The theoretical toinl-yressuro-recovery curves in figuros 9
to 12, and fizures 15 and 17 wecre baced on an assumoad onee
dimensional nonviscoue air flow according to the following analyeiss

It can be shown that the equation m = pVA for the mass rate
of air flow m through a closed charnel can be rowritten in torma

of the Mach nurbor M no
1
ki7-l,

n = 4 P (1 « 252 ,,z/\ (2)
where
n mase rate of air flow
p density
v volocity
A flow urea

4 ratio c¢f spocific huat at comstant prossure to specifio Leat
at oonstant volwe

)

gas conatant
stegration temporature
total pregssuro
M Mach number

If the air flowing throwh the diffuser cnters with freo-siraom
volooity (that is, tho shoei 1s swallowed), tho mass flow 1s conctant
irrespective of vutlet conditions and may be deturminod from conli-

tions of any point in tho systeuw. If flow tlxrough the diffuser and
the simulated combvstion chaubor without heat transfer 1s aszuaed,
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the stagnation temperature of the air is unchanged. From conservae
tion of mass, the relation betwoen the total prossure and the r"w
area at the inlst to tlhe diffuser and et the cutlet of the simlate
cambugtion chamber can therefore be derived from equation (2) as

oy
(4\]_)(;) (= “52 . (3)

where subecripts 1 and S5 denote conditions at the diffueser inlet and
the simmlated ocambustion~chamber cutlet, respectively.

The total piessuro at the diffuecr outlet Iy can be subetituted
for Py by assuning frictionless flow; Pl can be replaced by the
free-etream total pressure Pos and M; can be replnced by the free-
stream Mach mumber My because the shock le assumed te cccur inslde
the diffueer. Sonic wvelocity occure at the cambustion-chamber outlet
and Mg has a value of 1.0, Therefore equation (3) reduces to the

QIR

The right=hand member of equaticn (4) is the reciprocal of the
isentropioc area ratic required to accelerate the air frou ecnle
velocity to Mach nwiber Mg and is a constant for any given Ilight
Mach muber. At Mach number 1.85 tho value of the constant ie
0.669 (7 = 1.400).

+1

1
1+7-- 7-

(4)

The higheet recovery for which equation (4) ia valid is the
recovery acrose a normal shock lecated at the throat of the diffusgor.
Thie value mat be determined from one-dimensional calculaticns
applied to the zlvon configuration. The area ratic As/Al thoreby
determined 1s the minimum for retention of the normal sheck inside
the diffuecr. Any further reduction in Ag/A; forces tho normsl
shock wave aheod of the diffueer, where it cccurs at froc-streon
Mach number, and the total-preseure recovery remaing ccnstant at tho
fres-stream ehock=recovery value.

An incremse in A Al moves the norzel shock downstream from
the throat of the diffuser and decreases the totalepressuro recovery

CONFIDENITAL
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according to oquation (4) os the shook occurs at progrussively higher
Mach numbers.

The minimum prossure rocovory satisfying tho conditions of
oquation (4) ls tho value that gives sonic volocity at the combustion-
chamber outlet with a static proseurc just wuqual to the froec-stroom
static pressurc, This minimum total-pressure reoovery ia independent
of tho configuration and is given by tho formula.

2
7P 14 7—;-1- 4
\Po)min 7 S Lz._l_ “02 (5)
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ALY I « ISLET DIMINCICHS AND SUMMARY

T INLET-TIROAT COMDBIRATIONS

Inlet-tir:a%|Inlet noselIntat lnn.-;hh"i‘hroat 1le 1:hl
combinaticn| dianetor b(fig. 1) L{fin. :ﬁ
(1) a(fig, 1) (in.) {in.)

(in.)
£e1,180-0 l.682 1.305 [¥]
=1, 1000 1.662 £33 [+]
15-1,120-0 1.682 531 0
20-1,190«0 1.66C 357 [§]
20-1,3.20-2 1.802 567 2
| 30-1.1%0-0 1.282 .261 0
t 40e1,100-0 1.0682 ~192 [o
5-1.176-C 1.572 1.463 0
S5=l.17¢=1 1.672 1,489 3
5-1.178-7 L.572 1.486 2
Gl LT84 1.872 1,448 4
10-1,176-G 1.872 . T43 0
1Cal 17€al 1.672 «T43 2z
15-1.3.76-C .67 i 27 0
15=2,07¢=2 1.672 o2od 2
20=1.173-0 1.672 « 362 D
20.3,176-2 1.672 563 2 A
Cylindrienl | 1.542 585 0
Diverzing o, 1,455 1.02 o]
l’;’ho first nuncral indicateas the included convergenco

angle of the inlet 71, tho sccond nmeral gives
Lhe ¢onmotrienl conlraction ratio of the inlet
(rome wronfainimum aren), and the third :wmeral
chows tiir e th of stralght tizoat saction L.

NATIORAL ATVISORY CCMMITTEE
FCUR AERONAUTICS

CORFINDERTTAL




o
(s

CONFIDENTIAL

E6K2!

NACA RM NoO.

s39[ul JO U3 ans pue

qaTu} uedisald

L8

gep° 1

_——

Jaqueys uoj3snquod

nid _l|| pazeInuis
geojuo)

oy

(*y pue "7 q 'e jo sIni®A 03 1 @19} eag) ‘pais®y
iopowm IISNJIIP JuaBiaen jp-iuedaasuod ;0 weadelp apawwayss -*1 amdtd

q9{u; 1®21<PUITAD s3aTul Juadaeaucd
T T e—
-
T =
* 5
cuvn 1 Z¥s'1 -uva.u L% a M
w
z
o
o
FLLE

DE—— 3 5] B L

.FI/ 3e1ul
1

5

oS

zL9

w¥S°E3

ave’ | —
|n._m-|a|_u_ .—n a—“ ucjIms

€21 1NVYNOHIY ¥O4 33101WM02
ASOSIAQY TYNOILWW




CONF! DENTI AL

NATS
comITTEE

section A=A
(See rig. 1.‘

) 4 pitot tube
] Stntie-preslure orifice
S Pitot—etltie tube
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tal  AgrA;, 0.650. A, 0.850-

NACA
- 14410 -
3.8-46
4
’
5 Figure 3. - Schlieren photograg f air flow about diffuser
inlet for several outlet-inlet are ratios, Ag/A,;. Mg,

1.85; angle of attack, 5.
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let jaree fratt
5

o ———— T

Lt

]

ortlten
position

O Top

O wttea

O Right stde
A latt side

!

SAReSeSE THI0Y WROAY
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20-1.190-2 configuration.

Distanse from subsenis diffuser imlet, im.

1y

Pgure 4.~ Statle-pressure dlstridution along diffuser for several outlst areas with

{a) Angle of attack, O,
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Inlet ul 1% diffuser
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L]

Putlet-inlet arpa rafic, pp/Aq

0,054

i _
£4 ] bl

g A
oA
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N

,/ pd
' 2 e
: __‘éi___., = b :

Distanece from subsonisc diffuser inlet, in.
(a) 5-1.190-0 configuration,
Pigurs 7.~ Statlie-pressure distribution along top of inlst
end subdbsonis Aiffuser with no throat at angle of sttack of 09,
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Free-stream total pressure

Static pressure at wall of diffuser
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g et Subponiec| diffuser
Outlqt-injst l#a rqtio, A5/AJ
8 0,080
.
o7 e
«6
.930/
o8 A /
( 203
il
> / L1.21('1
.20 ™ 7
by ",
»10
2 1 [+] 1 2 3 4

Distance from subsonio diffuser inlet, in,

(b) 10=1.190=0 configuration,
Figure 7.~ Continued,

Static-pressure distribution along top

of inlet and subsoniec diffuser with nn throat at angle of

attack of 09,
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Suhsbnic Hiffuser

itley-Llnle

0

Free-stream total pressure
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@
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o
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o
-
o
el
-
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Py

2733
1 o] 1 2 3
Distance from subsonic di{ffuser inlet, in,
{c) 15-1,190-0 configuration,
Figure 7,— Continued, Statlc-pressure distribution along top
of inlet and subsonic diffuser with no throat at angle of
attack of 0°,
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pistance from subsonie aiffuser tnlst, in.
{a) 20-1,190-0 eonfigurations
rigure 7.~ continued, gtatic=preasurs distribution along toP
of inlet and subsonie alffuser with no throat 8% angls of

attack of 0%
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4

ssure at wall of Aiffuser

Free—-stream total pressure
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. thiet 4ol Subsonid diffuser
OTht-lnlﬂ area ratip, A A
Q ) —3 SR
I -—-‘H .‘
R | s b
/ r...-ir"’J - <
&
} f)/
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$ / |
1 _
«2 i
pog—+1
2 1 0 1 2 3 4

Distance from subsonic diffuser inlet, in,
{e) 30-1,190-0 oconfiguration.
Figure 7.- Continued, Static-~pressure distribution along top
of inlet and subsonic diffuser with no throat at angle of

attack of 0°,
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" *’!1“ ety Eigon]el dlf%’!r
Outletinlet ."£ rat {c, A l"‘l.
[]

£ A E .

3
~

L .24

«30} / g

Pree=stream total pressure

o

-

2 1 0 1 2 3
Distance from subsonic diffuser inlet, in,
(f) 40-1,190~0 configuration,
Figure 7.- Concluded, BStatic-pressure distribdution slong top
of inlet and subsonic diffussr with no throat at angle of
attack of 0°
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Theoretical pressure
bassd on flow into
a corner with turn=

ing angle, -E. deg
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A - 5.0

.26 - il // f e
e

8 A Configuration
2415 7 o  $-1,1900
2 ! 0 10-1.190-0 _
4. O 15=1,190-0
a / } A 20-1,190-0
.22 }-H %
a| /
4L .
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8| |o bi
1 ]
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Distance from subsoniec 4iffuser inlet, iIn,

Figure 8.~ Comparison of theoretical and measured static
g&ﬁ"uur inlets with no throat at angle
L]

pressures in
of attack of
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Fig. 9a
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Outlet-inlet area ratio, Ag/Ay

{(a) 5-1.190-0 configuration,

Figure 9,- Effect of combustion-chamber—outlet area on average
total-pressure recovery with no throat at contraction ratio
of 1-1'0.
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Outlet=inlet araa ratio, A5/A1
(b} 10-1.190-0 econfiguration,
Figure 9.~ Continued, Effect of combustion—gchamber-ocutlet area
on average total-pressure recovery with no throat at contrastion
ratio of 1,190, s
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Outlet-inlet area ratlo, Ag/Ay

{e) 15-1.190—0 configuration,

Pigure 9. - Continued, Effeet of combustion-chamber—outlet
area on average total-pressure recovery with no throat at
eontraction ratio of 1.190.
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Figure 9.- Continued, Fffect of combustion-chamber—outlet
area on average total-pressure recovery with no throat at

contraction ratio of 1,190,
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arez on average total-pressure recovery with no throat at
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Average total-pressure recovery, P4/!°
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Outlet-inlet area ratio, Ag/Ay

(b) 10-1,176-0 configuration,

Pigure 10,- Continued, Effect of combustion-chamber-outlet
area on average totale-pressure recovery with no throat at

contraction ratie of 1,176,
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Pilgure 12,- Effect of combustion-chamber-outlet area on average
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Figure 13.- RBffect of !nlet angle on maximum total=-
pressure recovery with normal shock inside diffuser,
Yo throat, angle of attack of 0O,
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Average total-pressure recovery, P‘/Po

E6K2) CONFIDENTIAL Fig. 1%
NAT IONAL ADY ISORY
COMMITTEE FOR AERONAUT ICS
«90)
-Thegqretidal Angle of]
. |\\ / attack
t (dag)
:«/ o [»}
o8 (B [= N}
sl =
&
\
\
o7 \
\
-5
\\
oS N
A
N
N \
\
2
-Q \‘ \
\
\\‘ \\\\\
- i \u
~
o3
2
) «8 2 1,6 2,0 o4

Outlet-inlet ares ratlo, Ag/A;

(a) $-1,176-0 configuration,

Pigure 15.~ Effect of comtustion-chamber—outlet ares on avarage
total-pressurs recovary with § -1,176 inlet,
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Pigure 18,- Continued, Effect of combustion-chamber-outlet
ﬂl‘on average total=preseure recovery with 5 -1,176
nlet,
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Pigure 16.- Continuad, Effect of combustion-chamber-outlet

area on average total-pressure reocovery with 8§ -1,176
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Figure 15,.- Concluded, Effect of combuetion—chamber-outlet

ares on average total-presesure recovery with 5-1,178
inlet,
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Pigure 16,~ Effect of throat length on maximum bonl;
pressure recovery with normal ehock inside diffuser,
5 =1.176 inlet, angle of attack of .
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(a) 10=1,176=2 configuration,

Pigure 17.- Effect of sombustion—chamber-outlet area on average
total-pressure recovery with 2=inch throat,
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Figure 17.- Continued., Effect of combustion~chamber-ocutlet
area on average total-pressure recovery with 2-inch throat.
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Pigure 17,.~ Continued. Effect ¢f combustion—chamber=outlet
area on average total-pressure recovery with f-inch throat,
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Average total-pressure recovery, "4/’0
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{4) 20-1,190-2 configuration,

Pigure 17.- Concluded, Effect of comdbustion-chamber-outlet
area on average total-pressure recovery with 2-inch throat,
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Energy efficlency, n
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Figure 20,~ Effect of inlet angle and throst length on
maximum energy efficiency with normal shock inaide of
diffuser, Angle of attack of 0°,
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